Microbialites have played an important role in the early history of life on Earth. Their fossilized forms represent the oldest evidence of life on our planet dating back to 3500 Ma. Extant microbialites have been suggested to be highly productive and diverse communities with an evident role in the cycling of major elements, and in contributing to carbonate precipitation. Although their ecological and evolutionary importance has been recognized, the study of their genetic diversity is yet scanty. The main goal of this study was to analyse microbial genetic diversity of microbialites living in different types of environments throughout Mexico, including desert ponds, coastal lagoons and a crater-lake. We followed a pyrosequencing approach of hypervariable regions of the 16S rRNA gene. Results showed that microbialite communities were very diverse (H′ = 6-7) and showed geographic variation in composition, as well as an environmental effect related to pH and conductivity, which together explained 33% of the genetic variation. All microbialites had similar proportions of major bacterial and archaeal phyla.
Introduction
Microbialites are complex organo-sedimentary structures that trap, bind and precipitate detritus and minerals such as carbonates, silicates and sulphates (Dupraz et al., 2009) through the activity of their biological constituents (Burne & Moore, 1987; Paerl et al., 2001; Dupraz & Visscher, 2005; Desnues et al., 2008) . Hence, their characteristics and structural properties are the products of biological and ecological factors (Foster et al., 2009; Last et al., 2010) . They can show various degrees of lithification (Sprachta et al., 2001) , differences in morphology, mode of growth and substrate (Pringault et al., 2005) . The grain size of the substrate, capillary attraction of water, penetration of light, sedimentation-erosion rates, wave action, grazing pressure (van Gemerden, 1993) , inorganic and biologically mediated calcification (Burne & Moore, 1987) are fundamental for microbialite development (Dupraz & Visscher, 2005) .
Extant microbialites are the nearest analogues to fossilized stromatolites, which consist of the oldest evidence of life on Earth, dating back to 3500 Ma (Allwood et al., 2006; Schopf et al., 2007) . The microbial communities associated to these fabrics establish complex ecological associations that occur vertically, stratified in visible millimeter scale layers (DesMarais, 1995; Stal, 1995) , forming small-scale ecosystems constituted by a variety of metabolically and phylogenetically distinct taxa (Burne & Moore, 1987; Paerl et al., 2001) . Microbialites have been argued to be the first organized ecosystems on the planet, where transformations of major constitutive elements are coupled to microbial metabolism (van Gemerden, 1993; Decho et al., 2005; Leuko et al., 2007; Paterson et al., 2008) . The actively growing portion of microbialites, which occurs in the surface layers, has been compared in terms of productivity (5000-6200 mg cm À2 day À1 ) to tropical forests (6000 mg cm À2 day À1 ), where a vast contribution of phototrophs, both oxygenic and anoxygenic, has been recognized (Stal, 2000) . Microbialites are also known for their role in the N cycle harboring an important diversity of N 2 -fixing phyla (Stal et al., 2010) . Despite the ecological and evolutionary relevance of microbialites, the study of their genetic composition is relatively recent (Burns et al., 2004; Papineau et al., 2005; Mobberley et al., 2012) . Historically, Cyanobacteria have been the most studied phylum, and their relevance as phototrophs and diazotrophs in the formation of the microbial tapestry and morphogenesis of microbialites has been recognized (Reid et al., 2000; Neilan et al., 2002; Dupraz & Visscher, 2005; Pringault et al., 2005; Kromkamp et al., 2007; Foster et al., 2009; Gischler et al., 2011) . However, the identification of other bacterial and archaeal taxa associated to microbialites has remained limited (Breitbart et al., 2009; Burns et al., 2009; Bolhuis & Stal, 2011; Mobberley et al., 2012) . Although robust diversity estimations have been done using different molecular ecology techniques, to date no single study had been conducted in which both geographic and environmental gradients were included to identify potential abiotic variables that contribute to microbialite community composition. Microbialites are known to occur in several environments throughout Mexico (Gischler et al., 2008 (Gischler et al., , 2011 Breitbart et al., 2009; Kazmierczak et al., 2011; Beltrán et al., 2012) , a mega diverse country, in which species turnover increases due to strong environmental gradients. The aim of this study was to analyse whether microbial community composition, described using a pyrosequencing approach of hypervariable regions of the 16S rRNA gene, had a structuring effect related to environmental variables along a latitudinal gradient.
Materials and methods

Site description and sampling
Microbialites were collected in the summer of 2009 from 10 localities distributed throughout Mexico (Fig. 1 , Table 1 ).
Northern Mexico
The Cuatro Cienegas Basin (CCB) consists of the largest oasis in the Chihuahuan Desert, where microbialites are conspicuous features in some of the more than 200 ponds, lakes and streams. The region is characterized by steeply folded Cretaceous sediments (Johannesson et al., 2004) , where 'Sierra de San Marcos' is a faulted anticline composed of cretaceous shallow water limestone, dolomite and gypsum (Garcia-Pichel et al., 2004) . Sampling sites included the Pozas Azules Ponds (PI and PII) that are found along the 'Sierra de San Marcos', where the vertical canyon slopes are rimmed by Quaternary karstified alluvial fans, giving way to a flat desert floor (Winsborough et al., 1994) where we sampled the Rio Mesquites (RM) permanent stream.
Central Mexico
This region is characterized by the Trans Mexican Volcanic Belt, including several crater-lakes. Alchichica is the largest of these limnetic bodies and is a maarsalkaline and athalasohaline system with particular features including relatively high electric conductivity, subsaline water, as well as high contents of magnesium and calcium carbonates (Couradeau et al., 2011 ). Caballero et al. (2003 mentioned that the main factors responsible for the chemistry of this lake are influx of water rich in sodium from volcanic materials, and bicarbonates from Cretaceous limestone. Previous work by Tavera & Komárek (1996) described columnar and spongy microbialites in Alchichica, following a microscopy-based identification strategy. Recent studies by Kazmierczak et al. (2011) identified that both microbialite morphologies comprised two generations and had differences in mineral composition, the spongy-types being composed mainly of hydromagnesite with an admixture of huntite and calcite, and dating to approximately 2800 years B.P., and the columnar-types being composed of aragonite and an admixture of Mg-calcite, dating to approximately 1100 years B.P. The different morphologies of Alchichica's microbialites are attributed to different environmental conditions, where the spongy forms would relate to a dry period and the columnar forms to a wet climate associated to large inflow of ground water. In this study we included both microbialite morphotypes (columnar AC, and spongy AS).
Southern Mexico-Yucatan Peninsula
The Yucatan Peninsula is a carbonate platform that began to emerge above sea level during the Oligocene and Miocene (Ferrusquia-Villafranca, 1993) . The entire peninsula consists of karstic landscapes (Gischler et al., 2008 (Gischler et al., , 2011 . In this study we sampled two coastal lagoons: Muyil, inside the Sian Ka'an Biosphere Reserve, where we included microbialites (SS) and a microbial mat (SM); Laguna Bacalar, near the Mexico-Belize border, is the freshwater site with the largest occurrence of extant microbialites (Gischler et al., 2008 (Gischler et al., , 2011 . Sampling included the Pirate Channel (BP), Los Rapidos (BR) and a soft, low degree of induration formation (BM). Bacalar microbialites have been radiometrically dated between 6790 and 9190 years B.P., corresponding to early Holocene (Gischler et al., 2008) , making them the oldest known extant microbialites.
Samples from the surface layers (first 2 cm) of six microbialites (~10 g) were collected at each locality, placed into sterile and sealed containers, and frozen (À20°C) until analysis. The total distribution of each microbialite reef formation was recorded with a GPS and the six sampling points were located along the distribution rage. Water samples (600 mL per site) were collected in sterile containers adjacent to microbialites and used as community composition controls.
Physical and biochemical analysis
Environmental variables (temperature, conductivity and pH) were determined in situ at each sampling point with Vance et al. (1987) and Joergensen & Mueller (1996) . Cmic, Nmic and Pmic were expressed based on dry weight of samples, using at least three replicates per site (Table 2) .
DNA extraction
Microbialites
Total community DNA from each sampling point (six sampling points, 10 locations = 60 samples) was extracted following Zhou et al. (1996) with modifications. To obtain a homogenized mixture, approximately 5 g of each microbialite was macerated using liquid nitrogen and extraction buffer (100 mM Tris-HCl, 20 mM NaCl, 100 mM EDTA, pH 8) with cetyltrimethylammonium bromide (CTAB 6%). A freeze-thaw cycle with continuous were incubated overnight at 55°C. Samples were extracted twice with phenol : chloroform : isoamyl alcohol (25 : 24 : 1) and once with chloroform : isoamyl alcohol (24 : 1), recovering the overlayer after each centrifugation (2 800 g for 15 min). DNA was precipitated by the addition of 2 volumes of chilled absolute ethanol, 1/10 volume of 3 M sodium acetate and 2 lL of GlycoBlue (Ambion Inc., Austin, TX) and refrigerated at À20°C overnight. The precipitate DNA was recovered by centrifugation (11 000 g for 15 min) and the pellet was washed with 70% ethanol and resuspended in molecular grade water (Sigma Aldrich). The DNA pellet was further purified of inhibitors with the DNeasy Blood & Tissue kit (Qiagen, Valencia, CA) according to manufacturer's instructions. After this second cleanup, samples were precipitated with chilled absolute ethanol and 3 M sodium acetate. DNA pellets were resuspended in 30 lL molecular grade water (Sigma Aldrich).
Water column
Samples from each locality were thawed and filtered through Durapore membranes (0.22 lm) (Millipore, Billerica, MA). DNA was extracted with extraction buffer (100 mM Tris-HCl, 20 mM NaCl, 100 mM EDTA, pH 8), 1% volume of 10% SDS and proteinase K (10 mg mL À1 ).
Next, samples were incubated at 55°C for 30 min and further subjected to two freeze-thaw cycles (À20 and 50°C , respectively). Nucleic acids were extracted twice with phenol followed by a chloroform extraction as described above. DNA was precipitated overnight at À20°C with 2 volumes of 100% ethanol, 3 M sodium acetate and 2 lL of GlycoBlue. DNA was recovered by centrifugation (11 000 g for 15 min) and the pellet was washed with 70% ethanol, dried and resuspended in 30 lL of molecular grade water (Sigma Aldrich).
Prokaryotic 16S rRNA gene amplification and sequencing
Since the aim of this study was to compare microbialite community composition from different geographic localities, where distinct environmental gradients occur, total community DNA extracted from each sampling point was pooled at the same concentrations into one compound sample per locality, to represent genetic variation. A~600-bp fragment including the V5 and V6 hypervariable regions of the 16S rRNA gene was PCR-amplified with five replicates per locality and the combined amplified product was agarose gel-purified (QIAquick; Qiagen). Amplification was done with universal primers for Bacteria and Archaea TX9 (5′-GGATTAGAWACCCBGG-TAGTC-3′) and 1391R (5′-GACGGGCRGTGWGTRCA-3′) (Ashby et al., 2007) . Thermal cycling conditions included an initial denaturation step at 94°C for 1 min, followed by 20-30 cycles (depending on the sample, see below) of denaturation at 94°C for 30 s, primer annealing at 55°C for 30 s, strand extension at 68°C for 30 s and a final extension step at 68°C for 2 min. To avoid saturation of amplicons, the optimal number of cycles per PCR reaction was identified when a band of 20 ng mL À1 was detected with gel electrophoresis. The PCR reaction for each locality consisted of a final volume of 50 lL and contained 2 lL of pooled DNA, 5 lL of 109 High Fidelity PCR Buffer, 2 mM MgSO 4 , 0.4 lM each primer, 0.2 mM of each deoxynucleotide triphosphate, 1.5 U High Fidelity Platinum Taq DNA Polymerase (Invitrogen, Carlsbad, CA), 0.5 mg mL À1 of bovine serine albumin and 0.25% dimethyl sulphoxide.
In preparation for pyrosequencing on a Genome Sequencer FLX Titanium 454 Life Sciences System (Roche 454 Life Sciences, Branford, CT), a second round of PCR was performed using fusion primers that incorporated a variable length sample-specific nucleotide sequence for each locality ('barcodes'), and the 454 pyrosequencing adaptor A onto the 5′ end of the TX9 primer, and adaptor B onto the 5′ end of the 1391R primer. The barcodes enabled multiplexing several samples into a single 454 sequencing run, after PAGE purifying and quantitating the amplicons. The multiplexed amplicon library was sequenced using the standard 454 Life Sciences Lib-L emulsion PCR protocol and Titanium chemistry (Margulies et al., 2005) . Raw sequence reads were quality-filtered using the default 454 parameters as well as post instrument filters, which required all bases be Q20 or higher and the average of all bases in any read to be Q25 or greater. Sequences were trimmed to remove the TX9 primer from the 5′ end and at a conserved site distal to V6 on the 3′ (ca. position 1067, Escherichia coli numbering), resulting in an approximately 250-bp read covering the V5 and V6 regions. Raw data were first analysed with the standard Roche 454-signal processing with the GS FLX system software. Sequences that passed quality-filtering were then used to generate the dataset. Finally, to avoid diversity overestimation of the rare biosphere and chimeric sequences originated from pyrosequencing noise, only sequences occurring at least five times in the database were included in subsequent analysis. Pyrosequences were deposited in the Sequence Read Archive (SRA), NCBI, under BioProject SRA040061.
Diversity estimations
Diversity, richness and coverage estimations were calculated using MOTHUR v.1.14.0 software (Schloss et al., 2009) . Sequences were aligned using the Greengenes core set (May 2009). dnadist function was used to create distance matrices and operational taxonomic units (OTUs) clustered by pair-wise identity at 97% similarity using the furthest neighbour algorithm. To assess microbial genetic diversity of each locality, rarefaction curves and Goods C coverage were calculated, where: C = 1 À (n/N), n = number of OTUs that have been sampled once, and N = total number of OTUs in sample. Further, two nonparametric richness estimators (ACE and Chao.1) plus the Shannon diversity index (H′) (a measure of a-diversity that incorporates relative abundances) based on sequence frequencies, were obtained.
The phylum composition of the microbialite communities, based on the 16S rRNA gene sequences from each sampling locality, was determined with the Naïve Bayesian rRNA Classifier from the Ribosomal Database Project (RDP-II), with a confidence value of at least 80% (Wang et al., 2007) .
Statistical analysis
Prior to clustering and ordination, the response frequency data (10 sites, 10 899 reads) were transformed using the Hellinger transformation (Legendre & Gallagher, 2001 ), since Euclidean distance-based analysis is not suitable for presence-absence genetic datasets. After transformation, the genetic sequence data were well explained by a linear redundancy analysis (RDA) model of the environmental variables (adjusted R 2 = 0.479, permutational P-value = 0.014), that was not the case before transformation (adjusted R 2 = 0.117, permutational P-value = 0.526). The Hellinger-transformed data were used to compute a Hellinger distance matrix , which was subjected to Ward hierarchical clustering and principal coordinate analysis (PCoA). Although nowadays the use of FastUnifrac (Hamady et al., 2010 ) is common for microbial community studies, our dataset was not suitable for analysis with this platform, since significance values could not be calculated for the vast number of locations here reported.
Environmental variables were correlated to the PCoA ordination axes and plotted on the principal coordinate diagram to form a biplot, as described in . Because these variables are intercorrelated, stepwise selection in RDA was used to identify the variables that best explained the genetic variation among sites.
The cluster analysis was obtained using the hclust() function of the STATS package in R (http://www.r-project. org/). Principal coordinate ordination was computed using the pcoa() function of the APE package (Paradis et al., 2010) . Stepwise selection of the environmental variables was computed using the ordistep() function of the VEGAN package (Oksanen et al., 2011) .
Results and discussion
Genetic diversity
Raw data consisted of 271 651 pyrosequence reads (average length 250 bp), of which 192 276 unique sequences were recovered after quality-filtering, where 10 899 sequences were seen at least five times of more. Site-specific diversity at a 97% cut-off (Fierer & Lennon, 2011) indicated that the microbial communities from coastal lagoons in the Yucatan Peninsula (BM, BP, BR, SM, SS) had the highest genetic diversity, followed by sites in the desert oasis of the CCB (PI, PII, RM); microbialites from Alchichica craterlake (AC, AS) had the lowest diversity (Table 3 ). The coverage at this cut-off level was on average 65%, with high values of richness (ACE X = 4499, Chao.1 X = 3491) and diversity (H 0 X ¼ 6:85), indicating that we had successfully represented the microbial communities, making these some of the most diverse communities known. Work by Bolhuis & Stal (2011) employed massive parallel 16S rRNA gene sequencing to analyse coastal bacterial and archaeal microbial mats along a tidal gradient, finding highly diverse communities (H Table S1 ) and decided to work with the first, as richness estimators ACE and Chao.1, and coverage increased as compared with the 109 dataset. The Shannon diversity index did not vary significantly, suggesting that new, non-abundant OTUs were recovered in the 59 dataset that were not seen at greater cut-offs. As the percentage of unidentified OTUs did not increase between the 59 and 109 cut-offs, we are confident that the richness and diversity estimations at 59 for environmental and highly diverse communities are valid. Nevertheless, due to the characteristics of the pyrosequencing technique, we do not recommend working with datasets that have not been carefully curated, in order to avoid overestimations of the rare biosphere due to pyrosequencing noise.
Dendrogram and ordination analysis of the microbial composition ( Fig. 2a and b) showed greater genetic similarity within sites in the same geographic region. The microbialites from desert ponds and a permanent stream in the CCB shared more phylotypes with those from coastal lagoons in the Yucatan Peninsula despite the fact that they are separated by more than 2500 km (Fig. 1) . Yucatan Peninsula and CCB are karstic oligotrophic Quaternary systems, hence both present elevated calcium and carbonate concentrations in the water. Further similarities have been observed in the microbialite communities they harbour, such as similar thrombolitic morphologies, calcite as the principal mineralogy, and the presence of abundant grazers (bivalves and gastropods principally) (Gischler et al., 2008) . The analysis of 2169 sequences from the columnar microbialite and 2040 sequences from the spongy microbialite in Alchichica crater-lake indicate they have a different genetic composition, although sharing more phylotypes than with any other microbialite analysed here.
The analysis of spatial genetic variation following a stepwise selection procedure identified pH and conductivity as explanatory variables that together had an adjusted R 2 of 0.326 and a permutational P-value = 0.001 after 999 permutations, explaining 33% of the genetic variation among localities. Temperature was highly negatively correlated with pH and conductivity (r = À0.91 and À0.93, respectively). Microbial carbon, nitrogen and phosphorous (Cmic, Nmic, Pmic) were positively correlated with these two variables. Nitrates made a unique contribution to the explanation of the genetic variation separating the three CCB localities from the others (RDA P-value = 0.009) (Fig. 3) . Elser et al. (2005) reported that CCB freshwater systems have high concentrations of dissolved inorganic nitrogen and low concentrations of P, suggesting a strong limitation of P on microbialite growth. In this study, the three localities sampled in the CCB had the highest levels of NO À 3 . Our results indicate that almost 70% of community structure could not be associated to the parameters analysed here, indicating the need to expand on temporal and spatial physicochemical characterization of the environments studied, as well as to focus on biological interactions, to fully understand microbial community composition.
This study suggests that microbialites that develop in similar environmental conditions have similar prokaryotic communities regardless of geographic distance, and that key environmental factors, identified in this study as pH and conductivity, affect microbialite communities diversity and structure. Fierer & Jackson (2006) pointed out that environmental factors such as pH influence the structuring of microbial communities which can be more important than geographic distance. Accordingly, Alchichica crater-lake had the highest values of conductivity and pH, and the communities with the lowest diversity, a pattern previously documented by others (Sabbe et al., 2004; Zeglin et al., 2011) . 
Community composition
Of the total number of sequences analysed, 98.7% were assigned to Bacteria and 1.3% to Archaea. A remarkable aspect of the community composition at the phyla level emerged from this analysis; all microbialites had the same dominant phyla. Proteobacteria were the most abundant phylum, ranging from 31% to 42%; Alphaproteobacteria had the highest frequencies, followed by Betaproteobacteria, Gammaproteobacteria and Deltaproteobacteria. Planctomycetes (5-11%), Verrucomicrobia (3-8%), Cyanobacteria (1-24%), Bacteroidetes (4-8%), Acidobacteria (1-2.4%), Chloroflexi (1-2.4%) and Firmicutes (1 -3%) appeared less frequently (Fig. 4a) . Phyla with low abundances included Actinobacteria, Nitrospira, Chlamydiae, Spirochaetes, Chlorobi, Fusobacteria, Gemmatimonadetes as well as candidate phyla (e.g. TM7, OP10, SR1), represented by few sequences (Fig. 4b) . It is worth pointing out that unclassified bacteria represented 17-27% of total community composition (Fig. 4a) . Cyanobacteria were more abundant in Alchichica crater-lake (22% and 24%, respectively; AC, AS) than in any other location, representing another difference with karstic, Yucatan Peninsula and CCB localities.
Archaeal sequences were present in low abundance (0.4 -1.76%) in the 10 localities analysed, and were absent from one of the morphotypes of Alchichica crater-lake (AS) (Fig. 4c) . Phylum Euryarchaeota was more abundant in Sian Ka′an lagoon (SS and SM). Phylum Crenarchaeota was found in all sites but was more abundant in Bacalar costal lagoon (BM). All sites had unclassified Archaea, which were most abundant in Sian Ka′an (SM and SS), Bacalar (BM) and Alchichica crater-lake (AC) (Fig. 4c) .
The composition of control water column samples differed from that of microbialite communities below the phylum level. Gematimonadetes, OD1, Fusobacteria, SRI, TM7 and Spirochaetes were not observed in water samples. Differences between water column and microbialite samples were evident for Archaea, which were absent from Sian Ka′an microbialite (SS), CCB Pozas Azules I pond (PAI) and both morphologies from Alchichica crater-lake (AS and AC) (Fig. S1 and Table S2 ).
Previous studies reported the bacterial diversity of giant microbialites from Lake Van, Eastern Anatolia, Turkey (Ló pez-García et al., 2005) , where the most abundant and diverse lineages were Firmicutes, followed by Proteobacteria, Cyanobacteria and Actinobacteria. In stromatolites from Hamelin Pool in Shark Bay, Australia, Papineau et al. (2005) reported that the community was composed of 90% bacteria and 10% archaea, the most abundant taxa being Proteobacteria, Planctomycetes and Actinobacteria. Ley et al. (2006) described the diversity of a microbial mat from Guerrero Negro, Baja California Sur, Mexico, and observed that Chloroflexi dominated clone libraries numerically, with Proteobacteria and Bacteroidetes the second most represented phyla, whereas Cyanobacteria constituted at most 10% of all sequences. Havemann & Foster (2008) examined the bacterial diversity of stromatolites from Highborne Cay, Bahamas, and found different phyla, Proteobacteria and Cyanobacteria being the most abundant. Using a metagenomic approach, Breitbart et al. (2009) determined the composition of microbial communities of a spherical oncolite from Rio Mesquites and a domal thrombolite from Pozas Azules II in CCB, Mexico. Those authors reported that sequences obtained from Pozas Azules II (PII) corresponded mainly to Proteobacteria, Cyanobacteria and Planctomycetes, whereas the Rio Mesquites community was largely represented by Cyanobacteria, followed by Proteobacteria. These results differ from those found in this study, especially for Rio Mesquites. This difference could be due to our inclusion of domal thrombolites from six locations in Rio Mesquites in a pooled sample, whereas Breitbart et al. (2009) studied an oncolite, a differentiated type of microbialite, clearly distinguishable from stromatolites and thrombolites (to name a few) by their concentric laminations (Garcia-Pichel et al., 2004) . Recently, estimated the diversity of microbialite-forming communities from different environments. These authors compiled 16S rRNA gene datasets derived from clone libraries. They found that Alphaproteobacteria and Cyanobacteria were the predominant phyla in all microbialites analysed. The patterns in community composition identified in this study for geographically distant sites are not comparable with those found by . Sequences in this study were obtained with the same sampling strategy, during the same season and year, and genomic extraction and amplification protocols were done in parallel for all. Thus, other studies analysed with different methodologies are not directly comparable.
In conclusion, the present study showed a geographical effect on the clustering of microbial communities and revealed that environmental variables such as pH and conductivity are partially correlated with the genetic composition of microbialite communities. Further, pyrosequencing of 16S rRNA gene hypervariable regions was successful at describing the diversity and composition of microbialites. It is evident that these communities are important depositories of carbonates, and their formation is associated with the carbonate pump, which will be affected under scenarios of global change (Petit et al., 1999; Hoegh-Guldberg et al., 2007) . Increases in pH and changes in carbonate concentrations and conductivity will certainly affect these communities. We have yet to compute the contribution of microbialite-forming communities to the global carbon, phosphorous and nitrogen cycles. Further, we need to determine how species diversity is distributed along each locality harbouring microbialites. To date, we do not know whether these communities have homogeneous or heterogeneous distributions, which is fundamental for conservation strategies. We hope that these communities will not disappear, with all their associated diversity, from the face of our planet before we can fully study and understand them. Animal Interaction Laboratory (IE, UNAM). Graduate student fellowship from CONACyT-Mexico was awarded to C.M.C. This manuscript is required to obtain the PhD degree in the Posgrado de Ciencias Bioló gicas, UNAM. 
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